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Introduction 
There are three main flower sex types of Vitis vinifera L.: (1) "functionally 
staminate" or "female sterile" (A in Fig. 1) in which the upright stamens with viable 
pollen grains are well developed, but the pistil is only rudimentary, without stigma 
and style and with only a very small ovary containing incompletely developed 
ovules. Such flowers are usually called "males" and they do not produce fruit; (2) 
"functionally pistillate" or "male sterile" (B in Fig. 1) in which the pistil is well 
developed and functional, but the stamens are reflexed, having abundant pollen 
grains without germ-pores and hence non-functional. Such flowers are usually 
called "females" and are self-sterile; however, with proper cross pollination and 
fertilization fruits develop from such flowers and contain one or more normal seeds; 
(3) "functionally hermaphroditic" (C in Fig. 1) in which the five erect stamens have
functional pollen grains and there is a well developed functional pistil. Such flowers
are usually called "perfect" and are self-fruitful. All flower types are, however,
morphologically hermaphroditic as they have a full complement of stamens and a
pistil.
The native vines of V. vinifera (sylvestris form) are dioecious whereas most of 
the cultivated varieties (sativa form) are hermaphroditic and self-fruitful (RATHAY 
1888-1889, BAILEY 1934, NEGRUL 1936, LEVAooux 1946). Normally only one type of 
flower is found on an individual vine. However, in rare instances, the pistils of 
some flowers on male vines develop to the point that the flowers are functionally 
hermaphroditic and upon pollination and fertilization develop into seeded berries 
(BARANov and RAJKOVA 1929). This appearance of some functionally hermaphroditic 
flowers and mature seeded berries on male vines may be defined as a natural sex 
conversion from functionally male to functionally hermaphroditic flowers. Sex con­
version in grapevines was first observed by RATHAY (1888-1889) and has since been 
reported in one degree or another in practically all well known species of Vitis. The 
most recent citations are those of BETHMANN (1939) and LEvAC'oux (1946). 
Most botanists agree that V. vinifera L. is indigenous to the region between 
and to the south of the Black and Caspian seas (VAvILOv 1951, WINKLER 1962). In 1948, 
a seed sample was collected from indigenous vines of V. vinifera L. (sylvestris) 
growing in a forested area of northweastern Iran. Progeny grown from these seeds in 
the University of California vineyard at Davis produced both male and female vines 
in an approximate ratio of 1 : 1. One of the male vines numbered 030-44 on rare oc-
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Fig. 1: Main types of individual grape flowers: A, functionally staminate or male; B, 
functionally pistillate or female; and C, functionally hermaphroditic or perfect, X5. 
Fig. 2: Flower types on V. vinifera male vines classified arbitrarily: 1-3, functionally 
male; 4, functionally hermaphroditic. X5. 
casions showed natural sex conversion by producing a few functionally herm­
aphroditic flowers and mature seeded berries. 
The present investigation was conducted to study the frequency of natural sex 
conversion in vegetatively propagated vines of the male seedling 030-44 and to de­
termine the influence of vegetative selection for high fruitfulness on the frequency 
of sex conversion. 
Materials and Methods 
First unselected vegetative propagation of the seedling 030-44: 
The original seedling 030-44 was propagated by budding it on Ganzin 1 root­
stock in 1958. The buds taken were selected at random. Thirty one mature vines 
were available for study in 1964. 
Second vegetative propagation selected for high fruitfulness: 
In 1961, a second vegetative propagation was made from some vines of the first 
vegetative propagation of 033-44. Buds were selected, however, from the most 
fruitful canes that had been marked in 1960. One or two buds from each cane were 
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grafted on Ganzin 1 rootstock (see column 2 in Table 2). Thirty mature vines were 
available for study in 1967. 
Classification of flower types: 
The flowers on male vines were arbitrarily classified into 4 types as shown in 
Figure 2. (1) The pistil is very small and is almost hidden by the nectaries. Neither 
stigma nor style is conspicuous. Megaspore mother cells differentiate in the ovules, 
but they may or may not divide. It is a functionally male flower. (2) This type is 
structurally intermediate between types 1 and 4. The pistil has a small stigma and 
a short style. Megasporogenesis is normal in that reduction division and a linear 
tetrad result. A very small embryo sac is formed in some ovules. The megaspore 
does not divide further and the flower remains functionally male. (3) This type is 
also morphologically intermediate between (1) and (4), but the pistil is larger than 
in (2). Reduction division and tetrad formation occur normally and a small embryo 
sac is formed in many ovules. Degeneration occurs between the 2- and 4-nucleate 
stage of the embryo sac; hence, the flower is functionally male. The pistil in (4) is 
well developed with a functional stigma, but it is structurally smaller than in the 
female (B in Fig. 1) or hermaphroditic (C in Fig. 1) flowers of cultivated varieties. 
The ovules have complete embryo sacs with normal egg apparatus and polar nuclei. 
Thus, it is a functionally hermaphroditic flower. 
Percentages of seeded berry set and fruitful clusters on male vines: 
The frequency of natural sex conversion in a male vine was finally measured 
by the % seeded berry set. At bloom, the total clusters on a male vine were counted 
and the position of each was recorded. The flowers in ten ch1sters at each insertion 
point (the basal one numbered one) were counted and the average number per 
cluster per position was calculated. The total number of flowers on a vine was then 
calculated. At harvest, the total fruitful clusters on a vine was counted. If there 
were only a few fruiting clusters on the vine, the total seeded berries were counted. 
When a large number of clusters had berries, the total weight of the mature berries*) 
was taken first. The weight of a random sample of 20 mature berries was determined 
and from this the total number of mature berries on the vine was calculated. The % 
natural seeded berry set per vine was determined by 
total mature seeded berries 
----to_t _a_l·-f-lo_w_e_rs __ X lOO 
and the percent fruitful clusters was determined by 
total fruitful clusters at harvest 
total clusters at bloom X 100. 
Similarly, the total number of normal seeds was determined by actual count when 
the number of mature berries was small. If a large number of berries matured, the 
normal seeds in a random sample of 100 mature berries were counted. The average 
number of normal seeds per berry was calculated by dividing the total number of 
normal seeds by the total number of mature berries. 
Results and Discussion 
First vegetative propagation: 
Data on flower types, fruitfulness and average number of normal seeds per 
berry of 31 vines of the first vegetative propagation were obtained in 1967 and 1968 
*) In general no mature parthenocarpic berries were observed to develop on male vines. 
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and are presented in Table 1. In 1967, 90.3% of the vines produced a few functionally 
hermaphroditic flowers (type 4) and mature seeded berries, while in 1968 only 
64.5% of them showed this phenomenon. There was a very close correlation between 
the number of hermaphroditic flowers present and % seeded berry set. The vines 
which had a few hermaphroditic flowers had predominantly flowers of types 1, 2 
and 3 described previously. Those which did not have hermaphroditic flowers had 
predominantly types 1 and 2 and a few type 3 flowers. The percentages of fruitful 
clusten; and seeded berry set varied from vine to vine in the same season and in the 
same vine between seasons. Certain isolated shoots and dusters were found to 
Tab I e 1 
Flower types, fruitfulness, and average number of normal seeds per berry of 31 vines of 
first vegetative propagation of the male seedling 030-44 
Flower types Fruitful Seeded Normal seeds 
clusters, berry set per berry 
Vine 
1967 1968 % % avg. 
Majority Minority Majority Minority 1967 1968 1967 1968 1967 1968 
M5:1 1,2,3 4 1,2 3 13.5 0.0 0.42 0.00 1.06 
M5:3 1,2,3 4 1,2 3 2.4 0.0 0.09 0.00 0.83 
M5:5 1,2,3 4 1,2,3 4 18.5 6.9 0.63 0.31 0.98 1.03 
M5:7 1,2,3 4 1,2,3 4 12.0 1.8 0.50 0.17 1.00 1.02 
M5:9 1,2,3 4 1,2,3 4 14.8 13.6 0.51 0.66 0.82 1.04 
M5:11 1,2,3 4 1,2,3 4 10.6 7.0 0.33 0.25 1.01 1.04 
M5:13 1,2,3 4 1,2,3 4 24.6 9.6 1.65 0.24 0.98 1.00 
M5:15 1,2,3 4 1,2,3 4 22.4 12.5 0.71 1.07 1.01 1.03 
M5:17 1,2,3 4 1,2 3 8.6 0.0 0.42 0.00 0.92 
M5:19 1,2,3 4 1,2,3 4 21.8 1.7 0.48 0.06 1.03 1.08 
M5:21 1,2,3 4 1,2,3 4 24.0 1.5 0.37 0.42 0.99 1.22 
M5:23 1,2,3 4 1,2 3 4.4 0.0 0.02 0.00 1.00 
M5:25 1,2,3 4 1,2,3 4 8.3 8.9 0.22 0.28 0.90 1.18 
M5:29 1,2,3 4 1,2,3 4 22.4 5.7 0.69 0.25 1.21 1.09 
M5:31 1,2,3 4 1,2 3 3.5 0.0 0.37 0.00 1.09 
M5:33 1,2,3 4 1,2,3 4 13.7 3.4 0.70 0.15 1.00 1.14 
M5:35 1,2,3 4 1,2 3 8.0 0.0 0.14 0.00 0.90 
M5:37 1,2,3 4 1,2 3 5.1 0.0 0.01 0.00 0.89 
M5:39 1,2,3 4 1,2,3 4 6.8 5.7 0.67 0.16 1.03 0.89 
M5:40 1,2 3 1,2,3 4 0.0 1.6 0.00 0.03 1.00 
M5:43 1,2,3 4 1,2,3 4 5.3 1.6 0.05 0.04 0.90 1.25 
M5:45 1,2 3 1,2,3 4 0.0 3.6 0.00 0.06 1.01 
M5:47 1,2 3 1,2,3 4 0.0 1.7 0.00 0.0·3 0.92 1.04 
M5:49 1,2,3 4 1,2,3 4 13.6 1.8 0.38 0.17 1.12 1.00 
M5:51 1,2,3 4 1,2,3 4 17.3 2.0 0.78 0.17 0.72 1.00 
M5:53 1,2,3 4 1,2 3 2.1 0.0 0.01 0.00 1.00 
M5:55 1,2,3 4 1,2,3 4 9.6 1.6 0.01 0.01 0.93 1.00 
M5:58 1,2,3 4 1,2,3 4 5.0 3.1 0.10 0.04 1.11 0.78 
M5:59 1,2,3 4 1,2 3 5.1 0.0 0.22 0.00 1.05 
M5:61 1,2,3 4 1,2 3 11.7 0.0 0.42 0.00 0.98 
M5:64 1,2,3 4 1,2 3 13.1 0.0 0.38 0.00 1.11 
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T dole 2
Flower types, fruitfulness and average number of normal seeds per berry of 30 vines of 
second vegetative propagation selected for high fruitfulness from some vines of the 
first vegetative propagation of 030-44 
First vegeta- Second vege- Flower types Fruitful Seeded berry Normal 
tive propa- tative pro- clusters set seeds 
gation pagation 
1967 1968 
% % berry 
Majo- Mino- Majo- Mino-
avg. 
Vine Cane Vine 1967 1963 1967 1968 1967 1968 
rity rlty rity rity 
M5:7 Y53:2 1,2,3 4 1,2,3 4 6.1 1.9 0.08 0.09 0.83 0.87 
M5:9 2 Y53:3 1,2 3 1,2,3 4 0.0 2.9 0.00 0.09 1.36 
2 Y53:4 1,2 3 1,2,3 4 0.0 8.4 0.00 0.65 1.07 
3 Y53:5 1,2,3 4 1,2,3 4 2.2 7.6 0.21 0.45 1.46 1.20 
3 Y53:6 1,2,3 4 1,2,3 4 1.4 9.4 0.01 0.69 1.00 0.88 
4 Y53:7 1,2 3 1,2,3 4 0.0 7.2 0.00 0.23 1.07 
4 Y53:8 1,2,3 4 1,2,3 4 2.3 3.8 0.01 0.20 1.00 1.00 
5 Y53:9 1,2,3 4 1,2,3 4 3.3 12.2 0.02 0.11 1.00 0.90 
5 Y53:10 1,2,3 4 1,2,3 4 2.8 8,7 0.17 0.82 1.09 1.38 
G Y53:12 1,2,3 4 1,2 3 7.5 0.0 0.25 0.00 1.00 
7 Y53:13 1,2,3 4 1,2,3 4 4.0 4.9 0.02 0.54 0.80 1.03 
M5:ll 10 Y53:17 1,2,3 4 1,2,3 4 8.4 6.0 0.38 1.11 0.76 1.14 
10 Y53:18 1,2,3 4 1,2,3 4 3.1 3.6 0.02 0.41 1.00 1.19 
M5:13 12 Y53:19 1,2,3 4 1,2,3 4 5.0 9.3 0.09 0.94 1.08 1.26 
12 Y53:20 1,2,3 4 1,2,3 4 4.0 8.2 0.05 1.06 0.80 1.08 
13 Y53:22 1,2,3 4 1,2,3 4 6.1 4.9 0.07 0.54 1.10 1.44 
14 Y53:24 1,2,3 4 1,2,3 4 5.0 4.8 0.25 0.27 1.26 1.13 
M5:15 15 Y53:25 1,2,3 4 1,2,3 4 4.6 3.6 0.16 0.12 1.12 0.83 
16 Y53:27 1,2 3 1,2,3 4 0.0 13.3 0.00 0.85 1.19 
16 Y53:28 1,2,3 4 1,2,3 4 4.2 7.7 0.12 0.19 1.05 1.32 
17 Y53:29 1,2,3 4 1,2,3 4 2.6 7.0 0.04 0.37 1.00 1.24 
17 Y53:3� 1,2,3 4 1,2,3 4 5,4 5.3 0.08 0.16 1.07 0.97 
M5:19 18 Y53:31 1,2,3 4 1,2,3 4 2.0 14.5 0.02 1.35 0.88 1.23 
M5:21 19 Y53:34 1,2,3 4 1,2,3 4 7.1 25.7 0.15 1.72 1.05 1.32 
M5:25 22 Y53:37 1,2 3 1,2,3 4 0.0 4.3 0.0J 0.20 1.11 
22 Y53:38 1,2,3 4 1,2,3 4 5.4 16.4 0.16 1.33 1.02 0.87 
23 Y53:39 1,2,3 4 1,2,3 4 4.5 7.4 0.06 0.59 0.88 1.06 
M5:29 24 Y53:41 1,2,3 4 1,2,3 4 6.4 20.9 0.11 1.59 0.97 1.15 
M5:39 26 Y53:43 1,2 3 1,2,3 4 0.0 6.2 0.00 0.89 1.35 
M5:55 27 Y53:45 1,2,3 4 1,2,3 4 2.6 1.5 0.06 0.15 1.11 0.84 
produce a larger number of converted flowers and mature seeded berries than others 
on the same vine. In 1967, the range of fruitful clusters varied from 0.0 to 24.6% 
and seeded berry set from 0.00 to 1.65%. Comparable values for 1968 were 0.0 to 13.6 
and 0.00 to 1.07, respectively. The average normal seeds per berry ranged from 
0.72 to 1.21 in 1967 and from 0.78 to 1.25 in 1968. 
These data suggest a great influence of environment, both local and seasonal, 
on the frequency of sex conversion. Mutation could also be a factor in sex conver-
sion. The influence of certain external conditions on sex conversion in male vines 
of Vitis has been mentioned by several authors (NEGRUL 1936, BREIDER and Sclll,u 
1938, BETHMANN 1939, LEVADOUX 1946, KOZMA 1955, BARRETT 1966). LEVADOUX (1946) re-
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Table 3 
Percent seeded berry set on some vines of the first unselected vegetative propagation of 
the seedling 030-44 versus those of the second selected for high fruitfulness from vines 
of the first propagation 
First vegetative Second vegetative 
propagation propagation 
Vine Seeded berry set, 
0/, Vine Seeded berry set, 'lo 
1967 1968 1967 1968 
M5:7 0.50 0.17 Y53:2 0.08 0.09 
M5:9 0.51 0.66 Y53:3 0.00 0.09 
Y53:4 0.00 0.65 
Y53:5 0.21 0.45 
Y53:6 0.01 0.69 
Y53:7 0.00 0.23 
Y53:8 0.01 0,20 
Y53:9 0.02 0,11 
Y53:10 0.17 0,�2 
Y53:12 0.25 0.00 
Y53:13 0.02 0.54 
Mean °/o 
Seeded berry 
set 0.51 0.66 0.07 0.49 
M5:ll 0.33 0.25 Y53:17 0.38 1.11 
Y53:18 0.02 0.41 
Mean °/o 
s,eeded berry 
set 0.33 0.25 0.25 0.79 
M5:13 1.65 0.24 Y53:19 0.09 0.94 
Y53:20 0.05 1.06 
Y53:22 0.07 0.54 
Y53:24 0.25 0.27 
Mean °/o 
seeded berry 
set 1.65 0.24 0.11 0.67 
M5:15 0.71 1.07 Y53:25 0.16 0.12 
Y53:27 0.00 0.85 
Y53:28 0.12 0.19 
Y53:29 0.04 0.37 
Y53:30 0.08 0.16 
Mean °/o 
seeded berry 
set 0.71 1.07 0.09 0.34 
M5:19 0.48 0.06 Y53:31 0.02 1.35 
M5:21 0.37 0.42 Y53:34 0.15 1.12 
M5:25 0.22 0.28 Y53:37 0.00 0.20 
Y53:38 0.16 1.33 
Y53:39 0.06 0.59 
Mean °/o 
seeded berry 
set 0.22 0.28 0.07 0.76 
M5:29 0.69 0.25 Y53:41 0.11 1.59 
M5:39 0.67 0.16 Y53:43 0.00 0.89 
M5:55 0.01 0.01 Y53:45 0.06 0.15 
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